A duplicated HNF-3 binding site in the CYP2H2 promoter underlies the weak phenobarbital induction response.
We are investigating induction of chicken cytochrome P450 genes by the sedative phenobarbital in chick embryo hepatocytes. The steady-state level of induced mRNA for the gene CYP2H1 is about 10-fold higher than that of a second gene, CYP2H2. Here, we show that a difference in drug-responsive enhancer activity does not underlie the differential response of these genes to phenobarbital since upstream enhancer regions are identical in these genes. The first 198 bp of CYP2H2 promoter sequence is identical to the CYP2H1 gene promoter, except that the functional HNF-3 binding site in the CYP2H1 promoter is replaced with a duplicated HNF-3 sequence in the CYP2H2 promoter. Transient expression analysis established that the promoter activity of the CYP2H2 gene was about ninefold lower than the CYP2H1 gene. Mutagenesis of either of the partially overlapping HNF-3 sites in the CYP2H2 gene substantially induced drug induction. Gel-shift analysis established that each of these HNF-3 sites bound HNF-3, most likely HNF-3beta. In-vitro footprint analysis demonstrated that all the identified sites in the CYP2H2 promoter bound protein except the duplicated HNF-3 region. However, protein binding was observed by in-vitro footprint analysis if either of the HNF-3 sites was mutated in the CYP2H2 promoter. Hence, duplication of the HNF-3 site in the CYP2H2 promoter does not allow binding of HNF-3 in the promoter context and may be predominantly, if not exclusively, responsible for the poor response of the CYP2H2 gene to phenobarbital.